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Abstract— This paper presents a review of previous researches 
related to the influence of incorporating Effective Microorganism 
(EM) into the cement based material. The aspects of cement 
hydration, its chemical phases and microstructure examination 
on cement based materials containing EM product and EM non-
product are reviewed. The potential of using EM to enhance the 
properties of cement based materials had attracted attention of 
researchers. It appeared that most researchers used the 
combination of Scanning Electron Microscopy (SEM) with one or 
more instruments of Electron Disperse X-Ray (EDX), Energy 
Dispersion Spectroscopy (EDS) or Energy Disperse X-ray 
Analyzer (EDAX)  to determine the chemical constituents on the 
selected spectrum on image of SEM. Meanwhile, X-Ray 
Diffraction (XRD and X-Ray Fluorescence (XRF) used to 
determine the chemical constituent, element composition and 
identify phases formed during the hydration of cement. It can be 
concluded that SEM image containing microbes shows the 
presence of crystalline calcium carbonate with a rhombohedra 
and long structures shape due to the bacterial activity. It had 
been confirmed with the peak of calcite in one of the results of 
XRD, EDX, EDS, EDAX.   
 
Keywords— Effective microorganism (EM), microbes, 
chemical phases, microstructure examination 
 
I. INTRODUCTION  
In the early 2000, more microbes had been identified and 
proposed in enhancing the concrete properties. The significant 
outcome is reported in few studies in adding bacteria or also 
known as effective microorganism (EM) in cement paste [1,2], 
mortar [2-6] and concrete [2,5,7-15,51]. 
 
Generally, EM can be classified into two types namely EM 
products and EM non-products. EM product comes in liquid 
form and widely used in agriculture [16-22]. Meanwhile, EM 
non-product is not in liquid form and it is consists of single 
colony of bacteria. The bacteria that have been used in EM 
non-product for concrete application are Bacillus species 
[1,3,11,13,14,23-28]. The other types of bacteria are 
Shawanella species and E.Coli [5,6]. The purpose of 
introducing EM in concrete is to produce a new breed of 
concrete that uses living things to enhance the properties. An 
understanding on the bacterial activity towards cement 
hydration, its chemical phase and microstructure examination 
will help researchers to further explore the application of 
microorganism in concrete.  
 
It is important to further investigate this new type of additive 
and study for the long term performance is also required. 
Section 2 entails the fundamental of mechanism of cement 
hydration with microbes. The properties of hydration product 
on hardened cement paste, mortar and concrete containing 
bacteria are discussed. The chemical phases in microbed 
cementitious materials are discussed in Section 3. Meanwhile, 
the previous findings related to microstructure examination 
and chemical phases of microbed hardened cement paste, 
mortar and concrete are explained in Section 4. Finally, 
Section 5 recommends the further investigation using EM 
product in enhancing the properties of cement based material. 
 
II. MECHANISM OF CEMENT HYDRATION ON MICROBED 
CEMENT BASED MATERIAL  
This section provides an understanding on the mechanisms of 
hydration of cement on microbed cement based material. 
Commonly, the cement hydration is started when the chemical 
and physical processes taking place after reaction between 
water and cement occurred. Understanding about the cement 
hydration processes is necessary and it can be summarized in 
Figure 1. It has been known that Portland cement consist of 
four main crystalline phases namely Tricalcium Silicate (C3S), 
Dicalcium Silicate (C2S), Tricalcium Aluminate (C3A) and 
Tetracalcium Aluminoferrite (C4AF). The product of 
amorphous calcium silicate hydrated (CSH) gel and calcium 
hydroxide (CH) or also known as Ca(OH)2 are produced from 
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silicate phases while the product of crystalline ettringite (AFt) 
and monosulphate (AFm) is being formed from aluminate 
phases [29-32].  
 
Only few studies reported regarding to the effect of adding 
bacteria to the consumption of the anhydrous phases of cement 
(i.e., C3S, C2S, C3A, C4AF), detection of ettringite (AFt) and 
monosulphate (AFm) in microbed cement based material. The 
study of [11, 33] confirmed the highest amount in composition 
element is calcium hydroxide on cement based material 
containing Bacillus species using Thermo-Gravimetric 
Analysis (TGA) and X-Ray Diffraction (XRD). 
 
 
 
Figure 1: The process of cement hydration 
 
However, the most studies related to microbed cement based 
material is concerned about biomineralisation aspect. 
Biomineralisation can be described as the precipitation process 
of mineral materials influenced by living forms [46]. The 
presence of bacteria in cement based material generates the 
microbial activity which is leading to the improvement of 
concrete properties. This microbial carbonate mineral 
precipitation (MICP) can generate carbonate ions without 
associated with the proton production which is produced from 
the process of urea hydrolysis. In calcium rich environment, 
the enzyme results from the process of urea hydrolysis 
[9,13,23,34-39] induced precipitation of calcite (Ca) or 
calcium carbonate (CaCO3). In their study, the bacteria which 
had been proven able to precipitate CaCO3 are Bacillus or 
Sporosarcina pasteurii and Bacillus sphaericus. Other type is 
Shewanella species [6]. The reaction of urea hydrolysis 
occurred is shown in Equation 1. Meanwhile, the bacteria 
which had been able to precipitate silica are Thermus Species 
[40,41] and Bacillus Subtilis [11,42-44]. 
       
III. CHEMICAL PHASES ON MICROBED CEMENT BASED 
MATERIAL  
The presence of calcium carbonate (CaCO3) due to bacterial 
activity and calcium silicate hydrated (CSH) gel due to 
hydration of cement can be substantiated using XRD. XRD is 
able to identify the polycrystalline phases by recognising the 
X-Ray pattern. Meanwhile, XRF can be used to determine the 
percentage of elements composition. This section discusses 
the instrument that has been used to monitor and identify the 
composition, morphology and the nature of CaCO3 and CSH 
phases for all types of EM which is the main binding phase in 
cement based material.  
 
The studies of EM non-product [3,5,7,9,10,45-47] investigated 
the precipitation of calcium carbonate (CaCO3) which is 
produced crystals by the process of nucleation on bacterial cell 
walls. The tool of XRD is used to analysis and identifies the 
presence of calcite. Calcite and vaterite constitutes in calcium 
carbonate (CaCO3) precipitation was reported by [48] as 
shown in Figure 2. The same results were also obtained in 
studies of [11,14,15,39] which is confirmed that calcite is new 
formation caused by microbed cement. However, the 
microbial precipitation of calcium carbonate should be 
checked with microstructure tools in order to examine the 
evidence of calcite formation in microbed cement based 
material. Furthermore, the limited study using EM product in 
precipitating the calcium carbonate should be concerned on 
future for investigating the potential.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The X-Ray Diffraction result [48] 
 
The process of cement hydration containing bacteria is able to 
increase the intensity of calcium hydroxide Ca(OH)2 or CH 
which is known as one of the hydration products. Figure 3 
shows the XRD pattern of blended cement paste with Bacillus 
Subtilis [11]. The intensity peaks of Ca(OH)2 appeared at 2θ of 
35 degrees. It is also able to compose quartz (SiO2). However, 
limited studies found in reflecting the hydration product of 
CSH and crystalline ettringite (AFt) and monosulphate (AFm) 
in microbed cement based materials. The importance of this 
Equation 1 165
further investigation is to better understanding on the effect of 
bacteria added to the hydration process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: XRD peaks of Bacillus Subtilis [11] 
 
IV. MICROSTRUCTURE EXAMINATION ON MICROBED 
HARDENED CEMENT PASTE, MORTAR AND CONCRETE  
Introducing the bacteria in cement based material has proved 
to enhance the mechanical properties of the former. The 
compressive strength [2,5,11,49,50], tensile splitting strength 
increase [1], carbonation rate and chloride migration [4], water 
absorption and permeability [4,13,14,24,50] decrease 
indicating the huge potential of bacteria as an agent to enhance 
the properties in cement based material. However, the 
mechanism underlies the specimens of hardened cement paste, 
mortar and concrete has not been well established and it is 
essential to be investigated. Therefore, the study on 
microstructure examination is important in understanding the 
mechanism underlies due to microbial activity in the cement 
based material. Generally, Scanning Electron Microscopy 
(SEM) with the combination of another technique is essential 
in visualizing imaging, morphological information and 
mineralogical composition. Table 1 shows the types of 
bacteria that have been used in microbed cement based 
materials. 
 
Table 1: Summary of bacteria that had been used in hardened 
cement paste, mortar and concrete 
 
AUTHORS 
TYPES OF 
BACTERIA 
USED 
 
FINDINGS 
[2] 
 
 
 
 
 
EM-No.1 
 
(EM product) 
 
 
 
The reaction of this 
type of bacteria to the 
cement hydration was 
not well explained. 
 
Compressive strength 
increased in concrete 
specimens. 
 
No microstructural 
examination was 
reported. 
 
[4] 
 
Bacillus 
Sphaericus 
 
(EM non- 
product) 
SEM showed the 
presence of a layer of 
carbonate crystals on 
the mortar surface 
[5] 
 
Escherichia 
Coli and 
Shewanella 
 
(EM non- 
product) 
 
 
Mortar specimen that 
contained Shewanella 
indicated increase in 
strength. The growth of 
fibers within the pores 
was observed under 
SEM that substantiated 
the enhancement. 
 
 
 
 
 
[6] 
 
 
 
 
 
Shewanella 
 
(EM non- 
product) 
 
 
Environmental 
Scanning Electron 
Microscopy (ESEM) 
analysis showed the 
bacteria mortar posses 
different as compared 
to control specimen 
without bacteria. 
 
XRD analysis 
confirmed the 
formation of silicates in 
the mortar containing 
bacteria 
 
 
 
 
[8] 
 
 
EM-No.1, 
EM-Ceramic, 
EM-No.3 and 
EM-No.X 
 
(EM product) 
 
Mechanism on cement 
hydration was not 
explained due to 
bacterial activity. 
 
Compressive strength 
increased with average 
28% in EM concrete. 
 
SEM was used to 
examine corrosion due 
to bacteria. Steel plate 
immersed in this 
solution of bacteria was 
examined under SEM. 
 
 
 
[10] 
 
Bacillus 
pseudofirmus 
Bacillus 
cohnii  
 
(EM non- 
product) 
 
 
Environmental 
Scanning Electron 
Microscopy (ESEM) 
analysis showed the 
bacterial spore when 
Bacillus pseudofirmus 
and Bacillus cohnii is 
isolated in cement 
stone specimens.  
 
 
 
[11] 
 
Bacillus 
subtilis 
 
(EM non- 
product) 
 
Confirmed the presence 
of silica which was 
adsorbed in the cell 
wall and the peak of the 
quartz representing 
silica oxide (SiO2) was 
detected by using XRD 
analysis 166
 
 
 
 
 
 
[13] 
Sporoscarcina 
pasteurii 
 
(EM non- 
product) 
 
Microstructure 
examination using 
SEM showed the 
presence of crystalline 
calcium carbonate 
associated in microbed 
concrete containing the 
silica fume as cement 
replacement. 
 
XRD and EDX results 
confirmed the presence 
of calcite with results 
of high amounts of 
calcium. 
 
 
 
 
[15] 
 
Sporoscarcina 
pasteurii 
 
Bacillus 
Sphaericus 
 
(EM non- 
product) 
 
 
SEM featured the 
calcium carbonate 
precipitated on the 
surface of microbed 
normal and lightweight 
concrete. 
 
XRD pattern indicated 
the presence of calcite 
crystals with little 
vaterite crystals for 
both types of bacteria. 
 
 
 
 
 
[39] 
 
  
 
 
 
Alkalophilic 
species 
 
(EM non- 
product) 
 
Scanning Electron 
Microscopy (SEM) 
combining with EDS 
results indicated the 
peak of calcite in 
microbial induced 
precipitated microbed 
cement containing 
sandstones as 
aggregate. 
 
SEM micrograph 
showed the bottom 
region is denser than 
the top region. 
 
 
 
 
 
[50] 
 
 
 
Sporoscarcina 
pasteurii 
 
(EM non- 
product) 
 
SEM equipped with an 
Energy Disperse X-ray 
Analyzer (EDAX) 
portrayed that the 
calcium carbonate is 
precipitated within the 
cement mortar matrix.  
 
XRD was used but only 
to analyse the 
composition of sand 
which is represented 
mainly in quartz form.  
 
 
 
[51] 
 
 
EM-No.1 
 
(EM product) 
 
Compressive strength 
and indirect tensile 
strength increased in 
concrete specimens. 
While, flexural strength 
results similar to 
control specimens. 
No microstructural 
examination and 
chemical phases 
reported. 
 
The extensive study of microbed cement based material was 
carried out due to the significant outcome in improving the 
mechanical property. For an example, the increment of 
compressive strength at about 25% occurred in 105/ml of cell 
concentration for 28 days result indicated that Shewanella 
species has huge potential in enhancing the compressive 
strength [5]. This can be explained from SEM image that 
shows the growth of fibrous filler material within the pores of 
mortar as shown in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: SEM micrograph of mortar with microorganism [5] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: SEM micrograph of mortar without 
microorganism [5] 
 
No filler material is detected in the image of control mortar 
without bacteria as shown in Figure 5. However, the 
magnification used for these two images is not equal. 
Therefore, it is not well comparison for monitoring the 
bacterial activity. The similar images were also found in study 
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of [13,14,48]. It is portrayed that calcite can be recognized 
with a rhombohedra crystalline and long structures shape. 
 
Recently, the combination of SEM image with Energy 
Dispersion X-Ray (EDX) [48], Energy Dispersion 
Spectroscopy (EDS) [15,39] and Energy Disperse X-ray 
Analyzer (EDAX) [50] is becoming a new tool in examining 
the microstructure change in cement based material due to 
bacterial activity. The advantage of this technique is that the 
element can be detected on selected point in SEM image. 
However, XRD and XRF are the common tools that still can 
be used in detecting the elements and the presence in a 
crystalline layer of the surface. Figure 6 shows the SEM image 
combining with EDS taken on concentrated of alkalophilic 
microbes. It is confirmed that microbial activity induced the 
calcite (Ca) precipitation in the microbed cement containing 
sandstone [39]. 
 
The instrument selection of EDX, EDS or EDAX combining 
with SEM can be used to show the mostly elemental 
composition occurred. For an example with EDX result, it is 
shown the high element was calcium, carbon and oxygen. It is 
confirmed that the precipitation formed calcium carbonate.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: SEM micrograph combining with EDS [39]  
 
  V. CONCLUSION  
Two types of EM which is classified as EM product and EM 
non-product showed the huge potential as new additives in 
enhancing the concrete properties. The previous studies 
confirmed that the precipitation formed calcium carbonate 
(CaCO3) in microbed cement based material. However, only 
EM non-product shows the extensive studies in investigating 
the morphology, mineralogical composition and 
microstructure examination of calcite in microbial 
precipitation induced. Therefore, EM product studies need to 
extended for better understanding in investigating the 
mechanism underlies in microstructure examination because it 
showed the significant outcome in strength increment. 
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